Abstract New precursors as a Li adsorbent, Li1.6(MnM)1.6O4 (M=Cu, Ni, Co, Fe), were synthesized by hydrothermal method and their physicochemical properties were discussed. XRD and HRTEM results revealed that the original spinel structure was stabilized by cobalt-doping while Cu-, Ni-and Fe-doping led to structural changes. Such a structural stabilization by Cobalt-doping was maintained after lithium leaching by acid treatment. Li absorption efficiency from seawater was significantly enhanced by using the Cobalt-doped spinel manganese oxide, Li1. 
Introduction
Lithium is a soft, silver-white metal that belongs to the alkali metal group of chemical elements. It is a very important element as raw materials in several industrial fields, e.g., ceramics, lithium batteries. lubricating greases, coolant adsorbent, pharmaceuticals etc. Recently, there is an increasing demand for further lithium production Synthesis of Li1. 6 [MnM]1.6O4 (M=Cu, Ni, Co, Fe) and Their Physicochemical Properties as a New Precursor for Lithium Adsorbent 4661 because of the widespread hopes of using rechargeable lithium batteries in electric vehicles and dispersed energy storage systems. However, the whole amount of lithium from the land is limited. Therefore, alternative resources should be found to satisfy the increasing demands.
Seawater, which contains 250 billion tons of lithium in total, has thus recently been noticed as possible resources of lithium.
It is a very useful and promising method to use adsorbents that has the high selectivity for lithium ion for recovering the lithium from the seawater. Lithium manganese oxides with spinel structure have been extensively investigated as adsorption materials for lithium [1] [2] [3] [4] [5] [6] . Materials such as γ-MnO2, H1.33Mn1.67O4, and MnO2․0.5H2O derived from the precursors LiMn2O4, Li1.33Mn1.67O4 and Li1.6Mn1.6O4, respectively, are known as lithium ion selective adsorbents [7] [8] [9] [10] [11] [12] [13] [14] .
In this work, new precursors Li1.6(MnM)1.604 (M=3d tramsition metal) with spinel structure were prepared by hydrothermal method. Their structure and chemical properties as a precursor of lithium adsorbent were analyzed and discussed. available oxygen of each sample was determined by the standard oxalic acid method [15] . The mean oxidation number (ZMn) of manganese was evaluated as described in the literature [6] .
Experimental

Results and Discussion
In order to know the structure of the synthesized Li1.6Mn1.6O4 and its structural stability of after leaching, X-ray diffractions have been performed, as shown in Fig [ Fig. 1 ] XRD patterns of the (a) LiMnO2, (b) Li1.6Mn1.6O4
and (c) acid-treated Li1.6Mn1.6O4. Figure 2 shows the XRD patterns of the 3d transition metal-doped Li1.6Mn1.6O4. The spinel structure of the Li1.6Mn1.6O4 was not changed by Cobalt doping (Fig 2(c) ,
whereas new XRD peaks originating from structural changes were observed in the case of Cu or Ni or Fe doping ( Fig. 2(a) , (b), (d)). The Cobalt ions are located in 16d octahedron site of Mn, which is in fair agreement with that of the cubic structure (space group   ).
This results clearly reveals that Cobalt is very effective as a doping element because the spinel is a favorable structure to precursor as a lithium adsorbent.
[ Thus it is considered that the Cobalt-doped Li1.6Mn1.6O4 powders after acid treatment have a well arranged spinel structure. These XRD results indicate that Li maintains the spinel structure, when it goes into the Mn site.
[ Fig. 3 ] XRD patterns of Cobalt-doped Li1.6Mn1.6O4 after acid treatment.
Additional information on the structure of the Cobalt-doped Li1.6Mn1.6O4 was confirmed with HRTEM. 
Conclusions
In this work, a spinel-type manganese oxide, 
